Introduction
In the present paper, we will review the available evidence on the prognosis of the acute variceal hemorrhage. The aim of this review is to provide some clues that may help to understand why none of the available predictive models in this setting is routinely used in clinical practice, and to identify new ways to improve our current prognostic tools. For this purpose, we will cover first some theoretical aspects that may serve as a framework to evaluate a prognostic model. In the second part of the paper, specific issues about the current knowledge of the prognosis of the acute bleeding will be revised.
Prognostic tools and clinical utility
Prognostic models are commonly regarded as more or less complex tools for providing clinicians with 3 different valuable uses: they can help physicians take difficult clinical decisions (such as ordering aggressive therapies in selected patients) [1] ; select uniform groups for clinical trials [2] ; or inform patients and their entourage about the odds of different outcomes in a specific situation [3] . Therefore, prognostic models are most likely to be useful for clinicians in situa-tions in which "decision making is complex, when the clinical stakes are high or when there are opportunities to achieve cost savings without compromising patient care" [4] . The clinical scenario of an acute variceal bleeding clearly meets these criteria. However, none of available models in acute variceal bleeding is routinely used, and currently all patients receive the same treatment, regardless of their baseline estimated risk of complications.
The reasons for this situation are diverse. Several authors [5, 6] have suggested different frameworks to evaluate the value of a given prognostic model (or clinical decision rule) to try to understand why most will not found a place in patient care. The characteristics that make a prognostic model clinically useful have been described by some authors [7] as relevance, validity and work to access. Besides, a prognostic tool that meets these criteria should proof its utility in a specific clinical context, helping doctors to inform specific clinical decisions. Finally, even if a prognostic model is valid, relevant, easy to use and informed by the clinical context, it may not be accepted by clinicians at the point of care for a variety of reasons. We will examine all these features in turn (see summary in Table 1 ).
Validity
For a model to be accepted by clinicians, it should have proven to be accurate in predicting the outcome of interest. The prognostic rule should rarely fail to predict an event that will occur (low false negative rate) and seldom predict it when it will not occur (low false Table 1 Desirable features of a clinically useful prognostic model (Adapted from Ebell) [6] 1. Validity
The model should have been proven its accuracy in predicting the outcome, ideally in a large test set independent from the cohort from which the model was derived 2. Relevance
The model should address a clinical important (severe and/or frequent) outcome and its use should directly help improving patient care, not just diagnostic or prognostic accuracy 3. Accessibility It should be easy for clinicians to obtain all necessary data and to calculate the model's prediction for an individual patient 4. Applicability
The design of the model should be based on the clinical scenario in which it will be eventually used in daily practice 5. Acceptability
The model has been proven to be valid, is readily applied at the point of care, its logical structure is apparent for the non-statistician and its predictions make sense to the clinicians who will rely on them positive rate). This would allow the prognostic model to have a desirable impact on patient's care in terms of safety (no high-risk patients would be spared from necessary interventions) and efficiency (no low-risk patients would be selected to undergo unnecessary procedures). Moreover, these error rates should be checked on a large independent test set, ideally in different time and place, and using widely accepted inclusion criteria and definitions. This might help convincing clinicians that model predictions derived from a specific cohort can be safely and efficiently used in their own patients. For the case of acute variceal bleeding, very few studies have proven their validity and generality using this standards [8] [9] [10] .
Relevance
To be relevant for a physician, the prognostic model should be able to predict an outcome that is clinically important in terms of severity and/or frequency of the condition. Besides, in order to gain acceptance from practitioners, the model should demonstrate that its use is able to improve patient-oriented outcomes (e.g., survival, time free of severe complications -such as rebleeding, for instance-or symptoms) and/or the use of available resources in a real-world situation, than merely allowing accurate predictions. This sort of studies, which would indeed require considerable resources, are considered by some to be as necessary for prognostic models as phase 3 randomized controlled trials for drugs [11] .
Work to access
It should be simple for clinicians to obtain all necessary data and to calculate the model's prediction for an individual patient. Those models with a small number of variables (i.e., that are parsimonious), ideally collected at patient's bedside, would be more easily accepted than other models requiring more time and/or effort to acquire the needed inputs for the model. Similarly, models for which predictions take the form of printed trees [10] or clinical algorithm [12] , will probably be used more often than those requiring access to computers to make complex calculations [13] .
Clinical context
The design of a prognostic model should be based on the clinical scenario in daily practice in which it will be eventually used. To fully understand this point, a threshold model of medical decision making has been proposed, which identifies 3 actions based on the results of a decision support tool (such as a prognostic model) [14] (Fig. 1): -identify a group of patients who need no further diagnostic/prognostic work-up because the outcome of interest is ruled out, -identify a group of patients who need no further diagnostic/prognostic work-up because the risk of outcome is so high that empirical therapy is justified, and -identify a group of patients who would require further evaluation because the estimated risk is not as certain as in the two previous categories and a safe decision cannot be made with the available information.
Taking the clinical context into account in the design of prognostic tools means that the choice of cutoff points for risk categories (low, intermediate, high) should be informed by these actions in the specific clinical context in which they will be used, rather than simply by maximizing statistically relevant, but clinically meaningless criteria (such as sensitivity, specificity or the area under the receiver operating characteristics curve). All too often, the latter set of criteria is favored when designing and reviewing prognostic studies, lead- Fig. 1 . Threshold model of medical decision making illustrating three different clinical and research approaches in acute variceal bleeding according to potential cut-off points of 6-week mortality based on available knowledge on the efficacy of current treatments and prognostic tools [9, 10, 38] .
ing to the publication of tools that look valid and relevant on paper, but result unhelpful in the context of real clinical decisions. If the low-risk patients have not a low-enough risk to rule out the outcome, and the high-risk patients are not at high-enough risk to justify empiric therapy, the prognostic model would be clinically useless because in every case the physician would need additional confirmatory evidence to act according to the prediction, regardless of its accuracy.
Acceptability
A prognostic model may have been shown to be valid, relevant, easy to use and informed by the clinical context, and yet not be accepted for practitioners. Besides hypothetical economic incentives or medico-legal concerns, which are beyond the scope of these analysis, it has been shown that physicians may reject an specific prognostic model for different reasons [15] :
-The model's structure might not be apparent and/or its predictions might not make sense to the clinicians who will rely on them. Classification trees nicely resemble the algorithmic approach to decision making [10] , and would be generally favored in front of "black box" models such as artificial neural networks, which structure is obscure to the clinician [16] . -The model does not take into account all data that clinicians think are relevant in the patient situation. In this case, the parsimony that is consider desirable by the researcher in order to make the prognostic tool easy to use is regarded as a limitation by the practitioner.
-Some models require extensive interaction with computers or hand-held devices, which might be considered inappropriate in front of the patient. -Finally, some physicians think that the use of such tools deprives the clinician of the opportunity to reason independently.
As seen, the physician's attitude towards a specific prognostic tool might be uncertain at the first stages of its design, but is critically important and must be considered when developing and updating a predictive model for clinical use. In summary, for the case of the acute variceal hemorrhage, it should be remarked that the so-called prognostic models should not be regarded as "prognostic" in the sense of forecasting future events, as these tools are not accurate enough for this purpose. As we will see in the following sections, what these tools are wellsuited for is to retrospectively classify patients into categories or strata of individuals sharing a specific combination of clinical characteristics and comparable outcomes. In the specific context of the acute bleeding episode, this feature may be of great use for clinical and research purposes to identify target subpopulations in trials evaluating risk-based strategies.
Time frame of the acute bleeding
According to the last international consensus workshop of Baveno on portal hypertension, the time frame for the acute bleeding episode should be 120 hours (5 days) [17] . Therapeutic measures started at day 6 and thereafter are considered to be aimed at preventing the recurrence of bleeding, and are regarded as sec-(a) (b) Fig. 2 . Survival curve of patients after a variceal hemorrhage and clustering of mortality in the earlier 6-week period in a cohort study of untreated patients* (a), with permission [19] ; and in a therapeutic study of patients randomized to early TIPS or combined pharmacologic plus endoscopic therapy (b), with permission of the author [39] . *Patients in the study did not receive specific hemostatic therapy, except for 13% of patients who received vasopressin during the acute bleeding.
ondary prophylaxis (or elective treatment) of variceal bleeding. Within this 5-day frame, the most relevant outcome by consensus has been failure to control bleeding (or treatment failure). This is a composite endpoint which includes death, persistence of uncontrolled bleeding and/or occurrence of a rebleeding episode intense enough to prompt a change of therapy. After day 5, the clinical event that is most often considered the endpoint of interest is the occurrence of a significant rebleeding episode. The 6-week period following the index bleeding episode is widely used in therapeutic trials and prognostic studies, although it has been only tangentially addressed in guidelines [17, 18] . The identification of a critical 6-week period frame after an acute variceal bleeding was originally published in 1981 [19] . In their seminal paper, Graham and Smith showed that the incidence of mortality, rebleeding, and other complications, increases sharply during the first 6 weeks and then stabilize, returning afterwards to the level previous to the bleeding episode (Fig. 2a) . This observation of clustering of complications in the 6 weeks following the acute episode has been constantly reproduced in many studies ever since. Even the improvement in the management of these patients, with a 4-fold reduction in mortality in the past 3 decades [20] , has not altered this dynamic (Fig. 2b) [21] , which can therefore be regarded as the single most robust observation in the prognosis of the acute variceal bleeding. This consistent dynamic, along with the difficulty of identifying a single cause of death after the bleeding (hemorrhage vs. liver failure vs. renal failure, etc.), has led by consensus to the pragmatical assumption that any death occurring in the 6-week period following a variceal bleeding should be considered as secondary to the acute hemorrhagic episode [22] .
What factors? Under what therapies?
Although it may be seem obvious, it is worth remarking that when addressing the prognosis of an acute variceal bleeding, we are implicitly referring to the efficacy of the therapies being used. There is no point to separate this two concepts in practice. The same should be considered when comparing factors across different studies. A given prognostic factor could be relevant under a particular treatment approach, and loose its prognostic value if therapy is changed. An example could be the value as risk factor of the observation of active bleeding at the initial endoscopy,which may vary greatly on whether the patients in the study were receiving an effective vasoactive drug or not. Therefore, in order to interpret adequately the current clinical value of a prognostic factor, it is essential to take into account the treatment approach used in the studies from were its value is derived.
This evident influence of efficacy of treatments on prognosis is the main reason why the predictive value of prognostic models may change over time, and stresses the need to update our prognostic tools as therapeutic approaches are being modified. In acute variceal bleeding, this becomes especially relevant because as the efficacy of hemostatic treatments improves, the incidence of treatment failure decreases and so does the relative weight of variables strictly related to the intensity of the acute hemorrhage (e.g., shock, active bleeding, transfusion requirements, etc.). Consequently, it is likely that other variables (such as infection or worsening of renal failure) become more relevant.
5-day failure vs. 6-week mortality
Although considering a 5-day frame for the acute bleeding greatly simplifies the design of therapeutic trials (especially for the case of hemostatic therapies), we believe that 5-day failure may not be the most adequate endpoint to assess the prognosis after a variceal hemorrhage. The first problem encountered is the definition of failure to control bleeding, which is based on an essentially subjective and prone-to-change concept ("need to change therapy") [17] . In fact, despite the efforts made over the years to provide valid and objective criteria to generalize the indication of change of therapy, consensus is still elusive.
The second problem of the 5-day failure endpoint is that this time interval is not long enough to account for the whole spectrum of complications related to the bleeding episode, since some important complications related to the bleeding episode may require more time to develop. Therefore, some interventions (mainly hemostatic therapies) may proof to reduce 5-day failure, but may result unable to extend their impact on harder outcomes (6-week mortality) [23] , which may imply an overestimation of their practical value. And inversely, other therapies able to improve 6 week survival (such antibiotic prophylaxis, for instance [24] may fail to proof their value if the analysis period is limited to 5 days. As a consequence and in analogy, the estimation of prognosis at 5 days may differ significantly from that at 6 weeks.
As an alternative, 6-week mortality shows clear advantages as endpoint of prognostic studies in acute variceal bleeding. The first obvious advantage is that mortality is strictly objective, and therefore exempt from definition problems. Secondly, it comprises a great part of treatment failures (those deaths occurring in the first 5 days). Finally, and most importantly, it does take into account the prognostic implications of relevant events that tend to reveal after day 5 (worsening of liver and/or renal function, some types of infection, etc.). For all these reasons, we consider mortality at 6 weeks as the most adequate endpoint for prognostic studies in acute variceal bleeding.
Prognostic factors in acute variceal bleeding
The value of different clinical and hemodynamic variables in determining the outcome after an acute variceal bleeding has been the matter of a number of studies in the past decade. Table 2 summarizes the largest studies (N > 100 patients) published in the last 10 years evaluating the accuracy of invasive and clinical variables in the prediction of outcomes in variceal bleeding [8] [9] [10] [25] [26] [27] . In order to interpret the relative value and potential clinical usefulness of the different studies, several considerations should be kept in mind. Regarding the treatments being used, it should be taken into account that the current recommended standard of care (vasoactive drug plus endoscopic therapy plus antibiotics) was applied only in two studies [9, 10] . Also, the use of some sort of validation of the prognostic model (in the same sample or, preferably, in an independent cohort) was lacking in half of the studies. Finally, is important to remind that none of the prognostic models proposed has been adopted for routine clinical use, as stated above.
Considering only the studies depicted in Table 2 , as many as 9 variables were identified as independent markers for rebleeding or failure to control bleeding and 18 for early mortality. These figures give an average of 3 "new" variables reported in each new study. This diversity is most probably due to the heterogeneous nature of the studies: different cohorts, different treatments, different baseline hypothesis, which lead to the use of different statistical approaches and the inclusion of different set of variables in multivariate analysis, all these factors leading to diverse results. Nevertheless, a pragmatic grouping of the independent risk factors found in these studies could be made based on the outcome of interest (rebleeding or mortality), and on whether the variable informs about liver function status, the intensity of the hemorrhage, or the occurrence of complications related to the bleeding (Table 3) .
Rebleeding/treatment failure
As seen, only in a few studies was early rebleeding considered as a separate endpoint and analyzed independently from mortality. The risk of early rebleeding has been assessed in most studies together with initial failure to control the bleeding and 5-day mortality, as the composite endpoint 5-day failure. However, the risk of 5-day failure has not been homogenously reported across studies. This is probably due to pragmatic difficulties concerning the definition of the endpoint, as [26] the outcome was "mortality during hospitalization". discussed above, and especially for the case of studies in which data were collected retrospectively.
Severity of the liver disease, estimated by the ChildPugh score, the Model for End-Stage Liver Disease (MELD) score or its individuals components, has been widely recognized as a robust independent determinant of 5-day failure [17, 34] . A complementary set of variables reflecting the intensity of the bleeding episode (active bleeding at initial endoscopy, hemodynamic shock, transfusion requirements) has been also identified as relevant determinants of 5-day failure, as it could be expected from the definition of this outcome. The prognostic value of other variables (platelet count, etiology of cirrhosis, portal vein thrombosis) seems to be less reproducible between studies [35] .
Mortality
When classifying patients according to their estimated risk of 6-week mortality, the baseline severity of the liver disease (mainly Child-Pugh class C) is again the main and most constant clinical determinant across studies [36] . The presence of hepatocellular carcinoma (which is most of the times closely related to liver function) has been also recognized as an important factor regarding 6-week mortality [10, 36] .
As previously discussed, one of the main practical implications of considering 6-week mortality as endpoint of prognostic studies in acute variceal bleeding is that the relative weight of variables reflecting the intensity of the hemorrhage decreases. Conversely, the influence on outcomes of other severe complications that may take more than 5 days to develop (such as renal failure or infections) is increased. In a recent published study by our group, development of bacterial infection and renal failure were indeed key determinants of 6-week mortality [10] . The recognition of the importance of such factors may be of great clinical value, as they are essentially potentially modifiable factors. The development of treatment strategies aimed at preventing their occurrence may have a significant impact on outcomes after an acute variceal bleeding. To this regard, the efficacy of the 7-day antibiotic prophylaxis and its beneficial impact on survival may be taken as an example [24] . Besides, the need for aggressive management of renal dysfunction in cirrhotic patients is currently widely encouraged [18, 22] , but there are no controlled trials on the prevention or treatment of renal dysfunction after a variceal hemorrhage.
HVPG vs. non-invasive variables and the use of TIPS in acute variceal bleeding
The use of the hepatic venous pressure gradient (HVPG) has proven an excellent prognostic value for both treatment failure and mortality after an acute variceal hemorrhage [37] . In a multicenter trial by Monescillo et al. [31] , an HVPG 20 mmHg determined in the first 48 hours allowed an early classification of patients in two subpopulations with clearly different outcomes. Besides, the HVPG 20 mmHg cutoff showed a better discriminative ability than ChildPugh score for both treatment failure and early mortality. However, it is worth remarking that the control arm in that study received only endoscopic sclerotherapy as treatment of the acute episode. This may have an influence not only in terms of the comparison of efficacy between the treatments being tested ("standard of care" vs. early TIPS insertion), but on the external validity (i.e., the reproducibility in different care settings) of the proposed prognostic rule.
In fact, in a more recent study in which all patients received combined pharmacologic plus endoscopic therapy, the prognostic ability of HVPG was compared to that of a combination of non-invasive clinical variables (Child-Pugh score, systolic blood pressure, nonalcoholic etiology) [9] . In that study, HVPG failed to improve the accuracy of the prognostic model built on clinical variables, suggesting that non-invasive variables may be sufficient to adequately stratify patients by risk in the acute episode.
In accordance with this observation, a new classification rule based on non-invasive clinical variables was used in a recent trial to stratify patients with acute variceal bleeding early after admission according to the estimated risk of treatment failure [21] . Those patients with Child-Pugh class B and active bleeding at endoscopy or Child-Pugh class C were considered to have a higher risk and were randomized to receive either the current standard of care or early TIPS insertion. The study showed that a treatment strategy based on early risk assessment and subsequent TIPS insertion is highly effective. An adequate selection of patients may help to optimize treatment and greatly improve outcomes in acute variceal bleeding. However, in order to assess the real value of TIPS and to optimize its use in clinical practice, two key aspects ought to be addressed. First, Child-Pugh B patients in that study had much better outcomes than Child-Pugh C patients (total mortality 9% vs 42%), suggesting that the selection rule of candidates could be improved. Second, the outcomes of patients in the control arm of that study were worse (33% 6-week mortality) than what could be a priori expected from previous studies (8% in patients with baseline HVPG 20 mmHg) [9] . It could be speculated that the higher mortality in the control arm of the early-TIPS study could be due in part to the fact that a proportion of patients in that group underwent sclerotherapy instead of ligation in the acute setting. To this regard, in a more recent observational study by our group, performed in a cohort of 162 patients with variceal bleeding receiving the current standard of care in the acute phase (vasoactive drugs, endoscopic ligation and antibiotics), most patients selected with the criteria used in the early-TIPS study had excellent outcomes with standard therapy (10% 6-week mortality), suggesting that previous criteria to identify such highrisk patients may not be adequate [38, 39] . Moreover, a new classification rule (Child-Pugh C with baseline creatinine 1.0) to better identify a high-risk population in this setting was provided, in order to try to optimize the use of TIPS in clinical practice.
In summary, the early use of covered TIPS is highly promising and may lead to a significant change in the management of high-risk patients with acute variceal bleeding. However, the criteria used to select those high-risk patients (which are based in prognostic analyses) should be further refined as effectiveness of standard therapeutic approaches are being updated.
Conclusions
Management of the acute variceal bleeding episode has greatly improved over the past recent years. However, treatment failures and mortality remain high, especially in patients with poor liver function, even if the current standard of care is carefully applied. Therapeutic developments and increasing knowledge in the prognosis of this complication may allow optimization of the management strategy of the acute bleeding in the near future, adapting the different treatments to the expected risk of complications for each patient. The design of accurate and manageable prognostic tools providing an early risk classification would facilitate the initiation of more aggressive treatments in highrisk patients and spare low-risk individuals unnecessary procedures. Current research efforts will hopefully clarify this hypothesis and help to further improve the outcomes of this severe complication of cirrhosis.
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